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PART I 
I. SYNTHESIS OF 1,1,3-TRIMETHYL-3-PHENYLINDAN AND THE SYNTHESIS i\ND 
CHEMISTRY OF 1-METHYL-3-PHENYLINDAN AND THE 
CORRESPONDING I~ENES 
1 
CHAPTER I 
INTRODUCTION AND HISTORICAL 
1 In 1931 Bergmann et al. synthesized 4-methyl-2.4-diphenyl-2-
pentene <1.) by treating a-methylstyrene (!) with Snc14 • A complete 
glossary of structuresand'their numbers is provided in Appendix A. 
Upon treatment of 1 with SnC14 1,1,3-trimethyl-3-phenylindan ~ was 
produced. Since then l has been formed directly from!. br the use of 
2 
various acid catalysts. A 38% yield of lwas obtained as a side 
product of the alkylation of benzene with 2-phenyl-2-propanol (!) in 
3 the presence of A1C13 (Figure 1); when the alcohol was treated alone 
with sulfuric acid4 a:76.8% yield was obta~ned. Dierichs and Preu4 
observed intermediates in this reaction which ,indicated it did not 
OH 
) + a 
l 
a 
, A1Cl3, benzene, 3 hrs. at 10°. 
Figure 1. Alkylation of Benzene with!. 
2 
proceed through the a-substituted styrene. In 1958 Petropoulos and 
5 Fisher proposed a mechanism for the dimerization of various ring-
substituted a-methylstyrenes on the basis of ~inetic data. This 
3 
mechanism involved the reversible formation of 4-methyl-2,4-diphenyl-1-
pentene (1) and l, and the irreversible formation of 1· The formation 
of the .£.!§. Q!.) and trans. Qk) isomers of l was not mentioned. The 
details of this mechanism will be discussed later. In 1968 gas chrom-
atographic analysis of the compounds formed from .!.·by heating at 50° 
for four hours in the presence of sulfuric acid showed 3a and 1 as the 
major products whereas 3b and l. were formed in less thE!,n 1%. 6 - As 
indicated, the dimerization of.!. leads to different major products 
depending on the reaction conditions.· 4t low temperatures, passing.!. 
. 7 8 
over aluminum-cobalt-molybdenum oxide catalyst or A12o3-Si02 
yields 1 while high-temperature reaction gives 1· Recently Wolovsky 
and Maoz9 investigated the use.of ethylaluminum dichloride (EADC) as a 
cyclodimerization catalyst and obtained l. in 75% yield. 
Most reactions involving l. have consisted of substttution on the 
aromatic rings. These have been alkylation~ chlorination, nitration, 
and sulfonation, with no effect on the five-membered ring.lo Similarly 
. lla 
'l. has been alkylated with olefins · anq cycloalkylated with cyclo-
hexenellb in the presence of BF3 ·•· u3Po4 catalyst. Adams et ai. 10 
reported a novel reaction of l. involving the five-membered ring (see Fig. 
2). Heating l. with 20% (by weight) of AJ.c13 causes the loss of the 
3-phenyl group as benzene to form the tertiary benzylic carbonium ion 
@, whence loss of a proton yields 1,1,3-trimethylindene CJ.). A 
SYl'QJll.etrical cleavage of l. gives the cumyl cation<.§.) which reacts with 
l· Cyclization of this carbonium ion and loss of a proton leads to 
L 
> > 
a20% A1Cl3 (by weight) at 100° for 6 hrs. 
Figure 2. A Novel Reaction of the Five-membered Ring of 1. 
ll. in 20% yield. 
When l is chlorinated to various extents the products are claimed 
to be useful as heat-transfer media in plasticizers, as hydraulic 
12 lubricants, in impregnating oil-filled condensers , and in potting 
. 13a b · transformers. · Patents describing the cyclodimerization ' of l to 
5 
14a b land the treatment ' of l for the aqove uses have been issued. The 
chlorinated form of l is probably not used much today because of the 
concern to avoid contamination of the environment with chlorinated 
hydrocarbons. 
The dimerization of styrene Q1) was studied before that of l, 
and has been examined ~ore extensively. l-Methyl-3-phenylindan <11.) 
can be produced by treating monomeric styrene with acid cat~lysts. 
Over the years 13 has been synthesized and studied many times. Styrene 
Q1) was first dimerized in sulfuric acid by Fittig and Erdmann15 in 
1883. They believed the product to be a diphenylcyclobutane, but later 
it was considered to be a mixture of 1,3-diphenyl-l-butene ~ and 
15 16-1,3-diphenyl-2-butene <.12_) instead. ' · In investigating the dimers 
Stoermer and Kootz17 made the dibromides, and observed that one of 
the dimers did not add bromine. 18 Risi and Gauvi~ in 1936 made mixed 
dimers from 12 by refluxing its mixture with 53% sulfur.le acid. They 
found an unsaturated dimer and a smaller proportion of a saturated one. 
Risi and Gauvin believed the saturated or cyclic dimer to be 13 and 
the unsaturated dimer to be J:i. In 1950 Spoerri and Rosen19 gave the 
first experimental evidence for the indan structure for the saturated 
dimer. The dimers were separately oxidized with cQromic acid (see 
Figure 3) and studied by uv spectroscopy. The .2,-benzoylbenzoic acid 
detected after oxidation results from th~ cleavage of the five-membered 
ring of 13. The insignificant yield of benzoic acid ruled out 15. 
CO H 
a ) + Anthraquinone + ~ 
Figure 3. Oxidation of 13 
Later the cyclic dimer was prepared as the chief product from 12 by 
refluxihg in 62% sulfuric acid. 2° Corson et al. 21 confirmed Spo~r:ti 
. . i.. : 
and Rosen's firtdirtgs and obtained evidence for two isomeric forms of. 
ll· One isomer (13a) was isolated by recrystallization (mp 25.5°) arid 
the oth~r (13h) was synthesized (mp 9.5°). 21 , 22 ' Ihcidentally 1.pb was 
' ·. . . 4 . ' ' . • . · .. 
noted by Dierichs _arld Preu as a low-yield product of the treatment: of 
6 
1-phenylethanol with sulfuric acid. Once the identities of the products 
' ,. •• I • ; ' ', 
df the acid-catalyzed dimerization of 13 were established, the effects 
of ~blv~rits aha cataly§ts ~ere bf main concetrl. 21 Many differeht 
~dlvents~ stich as ethylbenzene and benzene, and no solvent at all, 
have b~en tried to learh th~ir effects on the d!merization. 2b Catalysts 
such as sulfuric acid, phosphbric acid, pblyphosphoric acid (PPA), 
. ' 
k1uJina~~i11ca, and Filtrcil have been used. 23 In studyihg the kinetics 
· · · 24 · 
of the catalyzel:l cyclodimerization, Barton and Pepper used perchlor.lc 
acid, suifuric acid, and chlorosulfonic acid. They de~ermined that the 
reacti9n proce~ded by second order kinetids at l_ow temperatures,. but 
• ' .. . . 1 . . ' ' : ,' . ~ -, . . : . ' . . . . '. . : • 
at higHeat terlit,~ratures the kinetics were compiex. The properties of 
7 
13 have been of interest for the last seven years. 25 Bertoli.and Plesch 
did spectroscopic studies on the carbontum ions derived from styrene 
and its dimers. They determined the tertiary dibenzylic hydrogen of 
13 to be only slightly less acidic than the 'tertiary hydrogen in tri-
phenylmethane by using the proton exchange as shown in Figure 4. 
+ 0f~. ;> +03CH < 
13 H 
Figure 4. Proton.Exchange in 13 
26 In 1969 Tsybin et al. determined by pmr studies of indan analogs that 
13a is the trans isomer and 13b the cis isomer on the basis of the 
nonequivalence of the protons in the five-membered ring. Volkov 
27 
et al. equilibrated a mixture of 13a and 13b (45:55, respectively) 
to a 62.3:37.7 ratio by stirring with 10% (by weight) of A1B:t3 • The 
difference in reactivity of the two tertiary hydrogens was determined 
28 by Volkov and Tsybin by peroxide formation. The oxidation experi-
ments led to the conclusion that the tertiary dibenzylic hydrogen is 
slightly more reactive in this radical-intermediate reaction than the 
tertiary benzylic hydrogen. 
The reaction of benzene and 1,2-dichlorobutane witn A1C13 has 
29 30 been reported to give 13. Volkov et al. have synthesized 13a in 
31 76% yield by passing 12 through specially treated zeolite at 80°. 
Methods of formation and uses of 13 have.been patented over the 
years. Anthraquinone can be prepared in good yield by the oxidation-
19 32 
recyclization of 13 in the presence of a catalyst. ' Another 
patent suggests 13 would be useful in the preparation of dyes and 
33 pesticides. 
Though these reactions have been studied many times it.was of 
8 
int~rest to investigate these cyclodimerizations with the n~w catalyst, 
Amberlyst-15. 34 , 35 With the aid of this insoluble sulfonic acid resin 
it was possible to gain informatio~ about the progress of the dimeri-
zations, and in the case of 1 it proved to be a superior method of 
preparation. After the reaction conditions were opttmized it became 
possible to determine the conditions for the formation of each inter-
mediate. Once the cyclic dimers were produced it was of further 
interest to study the structure and stability of 13. 
CHAPTER II 
DISCUSSION AND RESULTS 
20 A sulfonated styrene-divinylbenzene copolymer resin. called 
Amberlyst-15 (A-15) was used as the acid catalyst for the cyclodimeri-
zation of .1 and 11.·· A-15 consists of hard beads with large pores 
(macroreticular str~cture) enabling solutions to diffuse easily through-
out the resin and come in contact with the large surface area of the 
catalyst. The strongly acidic A-15 was developed to permit heterogenous 
acid catalysis of many organic reactions in nonaqueous media and to act 
as a nonaqueous ion exchange agent~ 3~·-The.removal of the catalyst from 
the reaction solution is easily accol'llplished by decant.ing or filtering, 
36 37 Esterifications, dehydrations, alkylations, and dehydrohalogenations 
have been reported to be.catalyzed by A-15. 
The treatment of 1 with A-15 in refluxing cyclohexane gave a good 
yield of l (80%) within four hours. Samples were taken over the re-
action period to determine the extent of reaction. During the reaction, 
glc pealts were obtained, of .which one became. larger and finally per-
sisted as the other two disappeared. It ·was of interest to isolate 
and identify the compounds represented. To do so, a run was ma.de 
without heating. Samples were t4ken at different times and analyzed 
by glc to determine when each compound occurred in the greatest amount~ 
Eacl:l·time was recorded and·the reaction'was allowed to go until, only l 
was present. In a second run, half of the solution was removed when 
91 
the maximum concentration of the first compound was observed. The 
remaining solution was filtered away from the A-15 after only the 
second compound and 1 were present by glc. Each-fraction contained 
some of both, but purification was accomplished by preparative glc. 
10 
By pmr, the first glc pea~ seen was assigned to ..2., and the second peak 
to both .l!, and 3b. The retention times for ..2. and the 3a,3b mixture 
were 2.3 and 3.0 min respectively using a 25% Carbowax.20M column,10-ft. 
x 0.25 in., at 200°. On an equivalent length UC W-98 colunm at·200°, 
the retention times were 2.6 and 3 .• 3 min., respectively. The ratio of 
the methyl protons at 1.57 and 1.48i' observed in the pmr spectrum for 
the second peak suggests that the ratio of~ :3b is approximately 1 :1. 
From the progress of the dimerization of land the information pre-
sented previously on kinetic studies,· the formation of the various 
dimers.can be explained. The dimerization of l can be rationalized as 
shown in Figure 5 and as described below. Hydrogen ion attacks the 
double bond of l to form a tertiary benzylic carbonium ion. This 
carbonium ion attacks another molecule of l to form the tertiary ben-
zylic carbonium ion. This ion is capable of reacting in several ways. 
By loss of a methyl proton ..2. is formed, and as a result of the free 
rotation about the carbon containing the carbonium ion the loss of a 
methylene proton leads to both 3a and 3b. The eventual disappearance 
of 3a, 3b, and i with the appearance of 1 by the electrophilic attac~ 
of the carbonium ion center upon the aromatic ring suggests that 3a, 
3b and ..2. are formed reversibly while 1 is formed irreversibly. Another 
possibility is the formation of trimer· by reaction of ·the carbonium ion 
of the dimer with another molecule of l· It is possible to get some 
idea of the rates of formation of the dimers by plotting the percent 
R 
~ (R = CH3) 
14 (R = H) 
~+ 
> 
R 
R 
l (R = CH3) 
12 (R = H) 
R 
\\ 
R 
) 
R 
l, (R = CH3) 
13 (R = H) 
Figure 5. The Mechanism of Dimerization of 1 and 12 
11 
12 
present in the reaction mixture versus the time. This plot is shown 
in Figure 6. It.is seen that 1 is formed first, with some 3a and 3b. 
As the reaction proceeds the concentration of 1 decreases as the con-
centration of 3a and 3b increases so that the latter becomes greater 
than that of 1· For the last third of the reaction 1 is formed as 3a, 
3b, and 1 decrease until only 1 is present. The rate of formation of 
1 is much greater than that of 1, 3a, and 3b, but the rate of ionization 
of 3a and 3b is much lower than that of}, In the several equilibria 
involving the carbonium ion of the linear dimer, the reactions leading 
to formation of 3a and 3b evidently takes precedence over that forming 
1· The formation of 1 is much slower than that of 3a, 3b, and 1, but 
is essentially irreversible, probably because unlike the other reactions, 
it involves closing a five-membered ring. The system appears to 
present a good example of kinetic versus thermodynamic control of a 
reaction, 
Concentration studies were carried out by varying the amount of 
solvent and catalyst, The reaction was run with one mole of l dis-
solved in volumes of cyclohexane varying from 2,5 liters to 0,5 liter, 
while the amount of catalyst was held constant, without any change in 
the yield. Varying the amount of A;-15 also did not change the yield, 
but as the amount of A-15 was increased the reaction time decreased. 
The durability of A-15 as a catalyst wa1:1 tested by the reuse of the 
same A-15 in a series of four reactions, The catalyst did not become 
exhausted, but because of powdering caused by stirring, the reaction 
time was cut as much as 75% (from 4 to 0.8 hours) with no significant 
change in yield, Under all the reaction conditions tried, the yield 
of 1 varied little and the catalyst did not seem to be depleted or 
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fouled by polymers. 
Since A-15 worked well for the dimerization of ..!.., it was tried 
on s~yrene (lg_) to form 13. The reaction was carried out in cyclohexane 
and under a nitrogen atmosphere. The progress of the reaction was 
followed as described previously. The formation of an intermediate 
was indicated which slowly gave way to two other compounds. · The two 
compounds were observed in approximately 1:1 ratio by glc and were 
determined to be the two isomers of 13. The yield from this reaction 
was only 20%. The reaction conditions were varied, but the yield did 
not increase. This was probably owing to the formation of a polymer 
38 
coating the catalyst. Therefore a procedure described by Rosen was 
utilized. Styrene was placed in 62% sulfuric acid and the mixture was 
fluxed for twelve hours to give a 69 to 80% yield of 13. The diffi-
culty in work~p of the samples from this acid-catalyzed dimerization 
made following the reaction's progress undesirable, but the information 
from the A-15 dimerization probably applies. In each mixture dimerized 
by sulfuric acid, a small amount of the intermediate observed in the 
A-15 dimerization of 12 was found. A series of dimerizations and 
distillations produced enough of this intermediate to be redistilled 
and analyzed. Through ir, nmr, and mass spectroscopy, the intermediate 
was identified as trans-1,3-diphenyl-1-but~ne (li) which formed first 
in the reaction and then cyclized to 13. This was demonstrated by 
converting 14 to 13 with A-15, PPA, or l:l2so4 • Use of PPA led to trace 
amounts of other compounds, also. With lowered concentrations of 
sulfuric acid and temperature, 14 could be produced from ]l_ in good 
. ld 23 yie • 
The mechanism of dimerization of 12 is analogous to that of..!.. and 
15 
the kinetics are similar. 5•20 The mechanism is shown.in Figure 5, where 
R is hydrogen. The formation of 14 is fast, but it will also be ionized 
by protonation. Once .!1 is fo~ed, it does not revert to the ion. No 
,.ili isomer of 14 or 1, 3-diphenyl-2-butene (ll) was observed during the 
reaction. The isomers of 13 were formed in approximately a 1:1 ratio 
when A-15 or sulfuric acid was used, but.upon distillation this ratio 
was disturbed. This may well have been due to the difference in the 
boiling points. 
A series of reactions was run to e:l(amine the usefulness of ethyla-
luminum dichloride (EADC) as an acid catal:yst for the dimerization of 
12. The dimerization of l has been succ~ssfully carried out with this 
9 
catalyst. As shown in Table I,' the yield of 13 was low in most of the 
cases. An additional compound was formed, which was not identified. 
EADC was also inconvenient to handle as compared to other catalysts. 
The pmr spectrum of the 1:1 mixture of isomers of 1l. was confusing, 
and assignment of the signals to the protqns could not be made. There-
fore, it was decided to obtain each isomer in its pure form. The trans 
isomer was prepared in approximately 95% purity by recrystallizing from 
21 petroleum ether that was slowly cooled in dry ice. The pure cis 
isomer could Qot be gotten by this procedure so it was synthesized by 
modifying a procedure described by Corson et al. 21 Figure 7 gives the 
general sequence of steps. A large scale Friedel-Crafts alkylation of 
benzene with cinnamic acid in the presence of AlC13 produced 3,3-
diphenylpropionic acid (!L) in 83% yield,. Instead of making the acid 
21 
chloride and cyclizing by AlC13 as done previously, 17 was cyclized 
directly with PPA to give 3-phenylindanone (.!§_). 
Commercially prepared methylmagnesium bromide reacted with 18 to 
give 19, which upon dehydration yielded 1-methyl-3-phenylindene (ll). 
Hydrogenation of 2.0 over a 5% Pd/C catalyst produced only the cis 
isomer of 13. Evidence for the£!§. structure of the hydrogenation 
26 product has been given by Tsybin et al. It was observed after dis-
tillation that 25 to 30% of 3-methyl~l-phenylindene (1l) was also 
present. When 20 was treated with a 5% KOH solution in methanol.an 
.....,.... 
equilibrium mixture of 30% of 20 and 70% of 21 was obtained. To fur-
16 
ther the investigation, 21 was synthesh;ed by cyclizing 3-phenylbutyric 
acid (lg_) to 3-methylindanone (11), treating .6l, with phenylmagnesium 
bromide, and dehydrating by distillation (see Figure 8). No 20 was 
observed in this product when it was analyzed by glc. The isomeri-
zation of 11 by a 5% solution of KOH in metha~ol gave.the same equi-
librium mixture as from 20. Both 20 and 11 remained unchanged in a 
solution of hydrochloric acid in methanol. The hydrogenation of 20 
or a mixture of 20 and 21 led to the sa~e product(~ isomer). Pmr 
and ir data for the pure isomers were obtained. The shift assignments 
are given in the experimental part and the spectra are s.hown in Appen-
dix B. 
It was of interest to determine which isomer of 13 is the more 
stable. 39 Volkov et al. suggested that the repulsions between the 
methyl and phenyl groups are weak because of the equatorial positions 
of the substituents during the formation of 13. This leads to for-
mation of only 10% more of the trans isomer than of th.e cis (13b) 
27 isomer. They used A1Br3 to equilibrate the isomers to a 62.3% cis 
and 37.7% trans (13a) mixture. No explanation was given for the great-
er equilibrium concentration of the cis isomer. To explore this pro-
blem the reduction of ll and 21 was used I since reduction by sodium in 
17 
TABLE I 
THE CYCLODIMERIZATION OF 12 BY EADC 
EADC Time, Temperature Yield of 13 
mole equiv, min. oc % 
0.10 5 27 0 
0,10 30 27 6 
0,10 60 27 9 
0.10 30 80 12 
0.10 60 80 14 
0.10 .9 hr, 80 24 
1. 0 5 27 18 
1. 0 30 27 33 
1.0 60 27 36 
1.0 30 80 42 
1. 0 60 80 45 
1.0 5 hr, 80 60 
liquid ammonia should produce a equilibrium mixture of the isomers of 
13. 39 Both lQ. and l!_ gave ratios of approximately 80:20 of 13b:13a 
as shown in Table II. In the case of 21 a small amount of an uniden-
tified c.ompound was also produced or uncovered by the reduction, Re-
arrangement of the cis isomer of 11 with hydrochloric acid or sodium 
ethaxide failed, but by treating with sodium amide (NaNH2) an 80: 20 
mixture of the cis and trans isomers of 13 was produced, A small 
- ,· -
amount of another compound was also detected by glc, but since the 
reduction data and the equilibration data both give the same ratio it 
18 
!l 
(; e 
a b a d Benzene, A1Cl3 ; PPA at 90°; cH3MgBr, ether; toluene, reflux; and 
e H2, 5% Pd/C. 
Figure 7. Scheme for Synthesis of 13b 
is believed the 80:20 ratio is the valid equilibrium composition for 
21 the conditions given above. Corson et al. reported formation of the 
.£!§. and trans isomers in 82:18 ratio of 13 upon treatment of the.£!§. 
isomer with Alc13 • Models of isomers 13a and 13b demonstrate the 
ability of both the methyl and phenyl groups of the.£.!!.. isomer to lie 
in equatorial positions on the five-membered ring, whereas with the 
trans isomer only the methyl or the phenyl can occupy an equatorial 
position at one time. This availability of the equatorial positions 
to the substituents in the cis isomer explains its extra stability 
19 
compared to that of the trans isomer. 
a> 
< a 
a b · a PPA at 90°; c6a5MgBr, ether; Distillation. 
Figure 8. Synthesis Scheme for 21 
The tertiary tlibenzylic and tertiary benzylic hydrogens on 13 
should be easily removed. The reactivity of 13 was therefore investi-
gated. On~ gram of the~ isomer of 13 was stirred over a period of 
time under a blanket of pure oxygen. Samples were taken until a sub-
stantial amount of other compounds appeared. This experiment was run 
three times with the same compounds occurring in the same ratios each 
time •. Seven compounds were detected by glc as shown in Figure 9. The 
~ and trans isomers of 13 were observed in approximately 83:14 ratio; 
20 and l!. were possibly also present as the result of the dehydration 
20 
of the corresponding alcohols. The concentration of 21 was higher than 
for 20, as would be expected from the data givep by Volkov and Tsybin. 28 
They determined the tertiary dibenzylic hydrogen {in the 3 position) to 
be slightly more reactive than the tertiary benzylic hydrogen (in the 
1 position). Therefore, the alcohol formed to the greater extent would 
be the one with hydroxyl in the 3 position, which would lead to 21 
upon dehydration. 
TABLE II 
REDUCTION OF ISOMERIC METHYLPHENYLINDENES WITH SODIUM IN LIQUID AMMONIA 
Compound Weight Used, Sodium Used, 13a 13b 
g g % 
20 1.5 Q.7 77 23 
20 1. 0 0.4 79 21 
ll 1.0 0.4 82 18 
21 1.0 LO 84 16 
The intermediates in the dimerization of land 12 are acc~ssible 
by adjusting the temperature and/or the reaction time. Though A-15 
was a superior catalyst for the dimerization of l, oply low yields 
were realized with 12. Sulfuric acid worked well with 12 to give the 
cis and trans isomers of 13 in approximately 1:1 ratio. The corres-
ponding indenes (20 and 21) synthesized enrout~ to the pure cis isomer 
of 11 were used to determine the equilibrium ratio of lQ. and 21 (30:70) 
and of the isomers of 13 (80:20, ill:trans). Finally, the tertiary 
benzylic hydrogens of 13, as expected, are very susceptible to auto-
oxidation to yield several products, including the trans isomer of 13. 
21 
ll (?) 
ll ('?) 
Figure 9. Chromatogram of Oxidation Products from 1:lE. 
CHAPTER III 
EXPERIMENTAL40 
General Procedure for the Use of A-1535 ~ A weighed amot1nt of A-15 
is placed in a flask containing cyclohexane or other solvent and fitted 
with a Dean-Stark trap. The Dean-Stark trap removes water formed in 
the dehydration. The compound is added and the mixture is stirred at 
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reflux. Use of toluene or any other easily alkylated solvent is to be 
avoided. A disposable pipette was used for removing samples to be 
analyzed by glc. Upon completion of the reaction A-15 is removed by 
filtering or decanting. 
Cyclodime;ization of 1. One mol (118 g) of l was dissolved in the 
following volumes of cyclohexane containing A-15. 
Run Cyclohexane A-15 Time, Yield, 
R, g hr. % 
1 2.5 25 74a 80 
2 1.0 50 11 80 
3 1.0 25 11 80 
4 o.s 25 11 81 
5 0.6 92 7 84 
6 2.0 94 2.5 80 
a At room temperature. 
22 
23 
The yields of 1 were approximately 80%. After distillation white 
crystals formed: mp 52-53°, bp 135° (0.8 mm); ir spectrum (film) 2900, 
-1 + 1021, 752, 698cm ; mass spectrum (70 eV) m/e (rel intensity) 236, M 
(11), 221 (100), 143 (24), 128 (15), 103 (11), 91 (20); pmr (CC14)J" 
7.2 (m, 9, ArH), 2.3 (m, 2, CH2), 1.68 (s, 3, CH3), 1.34 (s, 3, CH3), 
1.04 (s, 3, OH3). 
Dimerization of 1 to 3a. 3b. and 5. One mol (118 g) of 1 was 
dissolved in 21. of cyclohexane containing 25 g of A-15. The solution 
was stirred without heating for four hours. Half of the solution was 
decanted while the other half was allowed to remain.in contact with the 
A-15. The first portion contained mostly ..2.• The remaining half was 
allowed to stir an additional twelve hours (a total of sixteen hours) 
before removing it from A-15 to yield mostly 1!, and 3b. Each portion 
contained a small amount of the other; therefore, preparative glc41 
was used for purification. This method gave 3a, 3b, and ..:2.. of sufficient 
purity to confirm their identities through ir and pmr studies. 
-1 ir spectrum (film) 2855, 899, 778, 764 cm ; ..:2.. mass spectrum 
+ (70 eV) m/e (rel intensity) 237, M (1.3), 119 (100), 91 (34), 77 (10), 
41 (20); pmr spectrum (CC14)cf7.15 (m, 10, ArH), 5.10 (s, 1, trans-
ArC=CH), 4.75 (s, 1, cis-ArC=CH), 2.80 (s, 2, CH2), 1.20 (s, 6, gem-
dimethyl). 
ir spectrum (film) 2950, 1440, 1028, 1000, 755 -1 cm 3a and 
3b mass spectrum (70 eV) m/e (rel intensity) 237, M+ (17), 236 (88), 
222 (16), 221 (78), 143 (78), 119 (57), 91 (100), 77 (41); pmr spectrum 
(CC14)J"' 7.2 (m, 10, ArH), 6.05 (s, l,=CH), 1.50 (s, 6, gem-dimethyl), 
1.48 (s, 3, CH3). 3b: pmr spectrum (CC14) 
6, gem-dimethyl), 1.48 (s, 3, CH3). 
7.2 (m, 10, ArH), 6.05 (s, 
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Cyclodimerizationof 12by A ... 15. Two runs were made. Each run 
used 104 g of freshly distilled 12 (1 mol) dissolved in 2. 5 and 2 1. of 
cyclohexane and 25 g of A-15. The reaction mixtures were refluxed un-
der a nitrogen atmosphere for twelve hours. The reaction mixtures were 
then filtered through coarse Dicalite to remove A-15 and some high 
polymer. The colorless oil recovered was distilled to give 13 in a 
19-20% yield, bp 115-117° (1 mm); ir spectrum (neat) 3025, 1600, 1495, 
-1 + 1455, 750 cm ; mass spectrum (70 eV) m/e (rel intensity) 208, M (100), 
193 (70), 179 (31), 178 (30), 130 (41), 115 (49). 
38 Cyclodimerization of 12 to 13 · by H2~---!. Fi;:-eshly distilled 12 
(400 g, 3.8 mol) was stirred into a 62% solution of H2so4 (400 ml of 
concentrated H2so4 dissolved in 600 ml of water). The mixt~re was 
stii;:-red at reflux temperatures for 4 hours, then 200 ml of concentrated 
H2so4 was added slowly through the reflux condenser. After twelve hours 
the reaction mixture was cooled and poured into a separatory funnel 
where the organic layei;:- was allowed to separate. The aqueous layer 
was removed and extracted with petroleum ether (100 ml x 3). The 
fii;:-st organic layer and the combined petroleum ether layers were 
washed with saturated NaHco3 , H2o, and aqueous CaC12 , then dried over 
CaC12 and filtered. The petroleum ether was removed and the residue 
was distilled to yield 278 g (78%) of 13, bp 114-116° (1 mm). Repeated 
runs gave yields up to 82%. 
Dimerization of 12 to 1423 • A 200-ml sample of 12 was mi~ed with 
200 ml of H2so4 dissolved in 30 ml of watei;:-. The mixture was heated 
under a nitrogen atmosphere to 120-125° for two hours and then at 50° 
for one.hour. The reaction was cooled and the product recovered as 
described above. A 77% yield of 14 was obtained, bp 123-125° (1 mm); 
25 
-1 ir spectrum (film) 2780, 1440, 1005, 957 and 737 cm mass spectrum 
+ (70 eV) m/e (rel intensity) 208, M (90), 193 (93), 178 (28), 130 (22), 
115 (100), 91 (57); pmr (DCC13)cf:" 7.3 (m, 10, ArH), 6.4 (s, 2, HC=CH), 
3.62 (m, 1, ArCH), 1.44 (d, 3, CH3). 
23 Cyclization of.14 to 13. By PPA 16 g of 14 was stirred into 
20 g of PPA preheated to 150° and the ~ixture was allowed to stir at 
this temperature for three hours. An 80% yield of 13 was obtained. 
By A-15: A 30-40 g sample of 14 was dissolved in a minimum amount 
of cyclohexane and 20 g of A-15 was added. The mixture was refluxed 
under a nitrogen atmosphere for four hours to give 13 in 80% yield. 
Cyclodimerization of 12 by Ethylaluminum dichloride. 42 EADC (0.02 
mol, 2.77 g) was dissolved in benzene and slowly added to a benzene 
solution (600 ml) containing 20 g of 12 (0.2 mol) and stirred in a 
nitrogen atmosphere. A red color developed immediately. Samples were 
removed periodically and analyzed by glc to determine the concentration 
of 13. The solution was stirred one hour at room temperature and four 
hours at reflux temperature. The EADC was destroyed by adding four ml 
of methanol. The solution was washed by water and HCl, then dried 
over Mgso4 and filtered. The yields were low, and other compounds 
were formed. The reaction was repeated as above using 0.2 mol of EADC, 
but the results were similar (see Table~). 
Recrystallization of 13a. 21 A 119 g sample of a mixture of.£.!!.. 
and trans isomers of 13 was dissolved in petroleum ether and cooled 
slowly in a dry ice bath over a 24-hour period. The petroleum ether 
was decanted and a fresh solution added to the crystallized portion. 
By repeated recrystallization 95% pure trans isomer of 13 was recovered, 
21 -1 
mp 25° [lit. 25.5°), ir spectrum (film) 747 cm ; mass spectrum 
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+ (70 eV) m/ e (rel intensity) 208, M (100), 193 (71), 130. (61), 115 (54), 
91 (30); pmr spectrum (DCC1 3)c:f' 7.1 (m, 9, ArH), 4.3 (t, 1, Ar2CH), 3.3 
(m, 1, ArCH), 2.1 (q, 2, CH2), 1.3 (d, 3, CH3). 
Synthesis of 2021 • The benzene for this experiment was purified by 
refluxing in the presence of AlC13 for 20 hours, then cooled and filter-
ed through Na2co3• Cinnamic acid (1§.) (8.1 mol, 1203 g) was dissolved 
in 15.6 kg of benzene. Aluminum chloride (1824 g) was added over a 
period of an hour with stirring. Th~ reaction was kept at 10° by 
cooling with ice water until all of the A1Cl3 was added and the tanperalllre 
was allowed to rise to 30° by heating in hot water. The mixture was 
stirred for an additional 1.5 hours, then poured onto ice. Upon addi-
tion of cone. HCl a white solid formed which was placed in a separatory 
fun ne 1 and extracted with a total of 20 1. of benzene. A benzene-
insoluble white solid remained, which was filtered to remove the water 
and benzene. A 30% solution of NaOH was added until the solid was in 
solution. This solution was filtered and then neutralized with HCl. 
The white solid which precipitated was dried and determination of mp 
attempted (greater than 270°). This unknown compound composed about 
10 to 15% of the desired product. It was not identified. The benzene 
solvent was removed by distillation and the product recrystallized 
twice from a benzene-petroleum ether solution to yield 1522 g (83%) of 
11., mp 153.5-155° [lit. 43 mp 154-155°]. 
Three moles (675 g) of ..!l. were added to 6700 g of PPA that had 
been preheated to 90°. The mixture became yellow, and after 1.5 hours 
of stirring it was allowed to cool to 70°. It was then poured into 
ice water and extracted with ether until the water was colorless. The 
combined ether layers were washed with NaOH solution to remove any 
27 
uncyclized acid, then with water. The NaOH solution was later acidified 
to yield 223 g (33%) of 11., The ether layer was dried over Mgso4 , 
filtered and distilled to yield a residual orange solid, After re-
crystallization twice from methanol, 298 g of yellow crystals Cl§) 
were recovered (a 48% co-p.version and a 72% yield), mp 74,5-75,5° [lit, 21 
7 6 • 5-77 • 5 ° ] • 
A sample of 18 (1,3 mol, 278 g) dissolved in ether was then added 
to 238 g of CH3MgBr (2 mol) in ether over a 20-minute period with 
stirring. A green color developed which slowly faded to a light yellow, 
The reaction mixture was refluxed for 2.5 hours, then cooled, A 33% 
' 
solution of NH4c1 (300 ml) was added slowly to decompose the Grignard 
complex. Then 200-ml of a 20% solution of HCl was used to dissolve the 
salts, The solution was poured into ice water cont~ining HCl and the 
mixture was extracted by ether (1.5 1. x 2), The combined ether layers 
were washed with water, Na2co3 , and water, then dried over Mgso4 and 
filtered, Upon stripping the ether, some water was formed as the result 
of some dehydration of 19 to 20, The dehydration was completed by 
dissolving the oil in toluene and azeotroping the water into a Dean-
Stark trap. Upon distillation 216 g. of 20 was obtained to give a 78% 
yield, Before recrystallization from methanol 25-30% of 21 was ob-
served by glc, Several recrystallizations gave pure 20, mp 59-61° 
[lit. 21 mp 63-64°]; ir spectrum (KBr) 1600, 1070, 875, 845, 787, 765, 
-1 + 753, 695 cm ; mass spectrum (70 eV) m/e (rel intensity) 206, M (100), 
205 (17), 191 (56), 189 (15), 165 (11); pmr spectrum (DCC13)J'"7,2 (m, 
9, ArH), 6.24 (d, 1, =CH), 4,52 (m, 1, ArCH), 1,2 (s, 3, CH3), 
Hydrogenation of 20 to 13b, A 51.3 g sample of 20 was dissolved 
in 95% ethanol and 10% (by weight) of a 5% Pd/C catalyst was added, 
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A hydrogen pressure of 25 psi was maintained over the mixture with 
shaking until no pressure drop was observed (15-20 minutes). The 
solution was filtered through Dicalite to remove the Pd/C catalyst 
and the solvent was stripped. The cis isomer of 13 (39.5 g) was re-
covered after the distillation: -1 ir spectrum (film) 731 cm mass 
+ spectrum (70 eV) m/e (rel intensity) 208, M (100), 193 (70), 178 (30), 
130 (41), 115 (49); pmr spectrum (DCC13)J'* 7.1 (m, 9, ArH), 4.1 (q, 1, 
Ar 2CH), 3.1 (m, 1, ArCH), 2.6 (m, 1, trans-!!CH to fb), 1.6 (m, 1, cis-
HCH to fb), 1.2 (d, 3, CH3). A mixture of 70% 20 and 30% 21, also, 
gave only the cis isomer of 13 when hydrogenated as above. 
Synthesis of 21. A 30-g sample of~ was added to 700 g of PPA 
previously heated to 90° in a nitrogen atmosphere. After a work~up as 
described previously, 26 g of a red liquid was recovered. Distillation 
gave 25 g (83%) of 23. A 30-g sample of 23 (25 g from the previous 
reaction plus 5 g prepared earlier) was dissolved in ether and then 
added slowly to 56 g of phenylmagnesium bromide in ether. After a 
work-up similar to that described earlier including dehydration by 
distillation, 32.5 g (92%) of a colorless bil was recovered. Instru-
mental analysis confirmed 11 as the product, mp 35-36° [lit. 25 36-37°]; 
-1 ir spectrum (KBr) 2850, 1340, 910, 820, 730, 690 cm ; pmr spectrum 
(DCC13)cf 7.40 (m, 9, ArH), 6.48 (d, 1, =CH), 3.56 (m, 1, ArCH), 1.38 
(d, 3, c'.H3). 
General Procedure for Eguilibrations. A 125-ml Erlenmyer flask 
with a side arm used in all the equilibration experiments. The top 
was sealed with a one-hole rubber stopper and nitrogen was passed 
through the side arm and out the stopper, through glass tubing, to a 
bubbler. A Teflon enclosed magnetic stirring bar was used to keep the 
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solutions agitated. The flasks were filled an eighth of the way with 
solvent and the other components were added. Four flasks were used at 
the same time and all were sampled periodically by removing the stopper 
to take an aliquot by pipette. Each sample was worked up in a one-dram 
vial by adding water, then benzene and shaking. The aqueous layer was 
removed by pipette and the organic ,layer washed with water. After the 
last aqueous layer was removed a small amount of Mgso4 was added to dry 
the benzene. 
Equilibration of 20 by 5% KOH. KOH (4.2 g) was dissolved in 25 g 
of methanol by stirring. A 1-g sample of 20 was added. After 30 min~ 
utes a ratio of 20:21 was 30:70. This ratio did not change after 
stirring for two days. 
Equilibration of 21 by 5% KOH. A O. 2-g sample of 21 was added to 
4.2 g of KOH dissolved in 25 g of methanol and stirred for 3.5 hours. 
A ratio of 30:70 of 20:21, respectively, was observed. 
. 44a,b General Procedure for the Reduction by Sodium in Liquid Ammonia . 
A cylindrical Pyrex reaction vessel containing a Pyrex·glass enclosed 
magnetic stirring bar, an inlet connected to an ammonia gas cylinder, 
an inlet for a pressure-equalizing dropping funnel, and a cold~finger-
reflux condenser with an outlet, which had a soda lime guard tube, was 
44b 
used to carry out,the reductions. When the apparatus was dried by 
heating and passing nitrogen through it, ammonia was allowed to flow 
through the vessel for ten minutes. Then dry ice and acetone were 
added to the condenser, and the ammonia was allowed to condense. Sodium 
was added to the vessel via Gooch tubing. Once all the sodium had 
dissolved, a dropping funnel containing the compound dissolved in ether 
was attached. The solution was slowly added with stirring. After the 
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mixture had been stirred from one to one-and-a-half hours, NH4Cl 
crystals were cautiously added until the blue color disappeared. The 
ammonia was allowed to evaporate and the residue was poured into water 
and extracted by ether. After being dried over Mgso4 and filtered, 
the ether was removed to give an oil, which was analyzed by glc. Two 
runs were made on both 20 and 21 (see Table II). 
Reduction of 20. Sodium (0.7 g) was dissolved in 50 ml of ammonia. 
The solution immediately turned a dark blue. A 1.5-g sample of 20 
was dissolved in 15 ml of dry ethyl ether and then added via a dropping 
funnel. No color change occurred in the solution. After 1.5 hours 
of stirring, the reaction mixture was worked up to give 1.3 g of an oil. 
By glc analysis, 77% cis and 23% trans isomers of 13 were formed. 
The reduction of 20 was repeated using 0.4 g of sodium and 1 g of 
lQ to give a 79:21 ratio of cis:trans products, respectively. 
Reduction of 21. A 1-g sample of 21 and 0.4 g of sodium treated 
as above gave an 82:18 ratio of £.!§_:trans products, respectively. 
The above was repeated using 1 g of sodium to give an 84:16 ratio 
of cis:trans isomers. 
Equilibration of the Cis Isomer of .1.3 by NaNH2• A 1-g sample of 
the cis isomer of 13 was dissolved in 15 ml of dry ether and then slowly 
added to a solution containing 0.3 g of sodium dissolved in 50 ml of 
liquid ammonia, which contained a crystal of Feso4 • The same apparatus 
as described in the reduction procedure was used, The solution turned 
a dark red upon addition of cis .!l· Samples were taken over a three-
hour period. When no change was observed by glc, the solution was 
worked up as described in the reduction procedure to yield 1 g of an 
oil. Glc analysis showed that this oil contained 82% .£.!§.. and 18% trans 
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isomers of 13. 
An attempt was ~ade to equilibrate by use of NaOEt in ethanol and 
HCl in methanol, but no changes were observed by glc. 
The Stirring of Cis Isomer of 13 in Oxygen. A 1-g sample of the 
cis isomer of 13 was dissolved in 25 ml of cyclohexane. This solution 
was placed in a cylindrical Pyrex flask with two side arms and a ball 
joint, The ball joint was capped and an oxygen line was run to one in-
let, while the oulet led to a gas bubbler. The solution was stirred 
by a disc-shaped Teflon-coated magnetic stirrer. The oxygen flow was 
adjusted to maintain a blanket of oxygen over the solution, Periodi-
cally small samples were removed and when needed more solvent was added 
to keep the remaining 13 in solution. Samples were stirred with Feso4 
to decompose the peroxides that formed and were then analyzed by glc. 
Identification by glc was attempted. The trans isomers of 13, 20, and 
21 were matched to the peaks on the chromatogram of the exposed samples 
by mixing and by retention times. This experiment was repeated two 
more times with the same results (see Figure 9). 
PART II 
II. SYNTHESIS AND PURIFICATION OF FULVENES 
AND BENZO(~]FLUORANTHENE 
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CHAPTER IV 
INTRODUCTION AND HISTORICAL 
Benzo[b]fluoranthene (12,) has been detected in cigarette smoke 
d t 45 11 d ' 46 · b'l h d 47 d 1 con ensa e, po ute air, automo i e ex aust con ensate, an coa 
48 tar. Therefore, the Environmental Protection Agency (EPA) desired the 
49 
synthesis and purification of 25 for use as a standard. When 12, was 
first examined for its carcinogenicity, a negative result was repor-
ted,50 but more recently Wynder and Hoffman47 determined 25 to have 
relatively strong biological activity when coated on epidermis of mice. 
Recently 12, was identified by ultraviolet spectroscopy and mass spec-
51 troscopy in air collected near gas-works retorts. 
In 1937 a procedure for the synthesis of 25 was patented and to 
this day it seems to be the most successful method devised. 52 , 53 
Fluorene (l&.) and ..Q:-Chlorobenzaldehyde (JJ..) were condensed to form 9-
(£-chlorobenzylidene)fluorene <1.§.), which could be cyclized in the 
presence of KOH in quinoline to 12,. (see Figure 10) Other methods 
have been used, but they were either too involved and/or gave a very 
low overall yield. One synthesis involved the Friedel-Crafts acylation 
of fluoranthene <12.) with succinic anhydride to give some substitution 
on the 3-position <1Q.), but the majority is on the 2-position. After 
30 was isolated it was reduced and cyclized to 31, and the carbonyl 
54 group of 31 was reduced to give .Jl. The dehydrogenation of .Jl leads 
to 25. (see Figure 11) 
33 
34 
a 
·. aKOH, quinoline at reflux. 
Figure 10. Dehydrohalogenation of 28 to 12_ 
• 
0 
c:> a b, a ) 
0 
12. 
30 } 
d 
< 
12. 
a b a A1C13 , c6H5No 2, 4 days; NH2NH2 , KOH, diethylene glycol; Thionyl 
d 
chloride, ether, then AlC13; Se, 350°C. 
Figure 11. Synthesis of 25 from Fluoranthene and Succinic Anhydride 
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The following method along with the previous one was mentioned by 
Clar. 55 Clar caused 33 to react with maleic anhydride to form 34. By 
treating 34 with a melt of NaCl and ZnC12, 25 is produced. No yields 
were reported. (see Figure 12) A final method of synthesis is shown 
in Figure 13. The condensation of .ll and 36 yields lZ.· The removal of 
the acetyl group gives 38, which is cyclized to 39. The debromination 
and aromatization of 39 yields l:2.,. 56 
0 (:> ) a -~) 25 
0 
a . NaC1/ZhC12 melt 
Figure 12. Clar's Synthesis of 25 
The pyi:'olysis of 1-phenyl-1,3-butaqiene ~), 57a acetylene (il), 57b 
and butyibenzerie (il) 57 c at 700°C gave frotn b.78% to traces of 25. The 
m~ch~nistn of forination suggested by Badger and Spotswood57a is given 
in Figure 14. 
9-Benzylidenefluorene (Q), 9- (E,-tnethylbenzylidene) fluorene Ci§), 
and ~~(Q_~chlorobenzylidene)fiuorerte ~) have been synthesized from 26 
and the corresponding aldehydes by using a basic reaction medium. 
Fludrene (l§.) is capable of forming a stable anion which can attack an 
' \ 
aldehyde or ketone to form a fulvene. Thiele and Henle56 in 1906 
~+ 
Br~ Br 
12 
d 
< Br 
HC = 0 
::@ 
o~ l§. 
Br 
( 
a > 
Br 
Br 
ac2H50Na, c2H50H; bHydrolysis; aAmyl nitrite, Cu.; 
water; chloranil in xylene. 
Br 
Br 
amalgam in 
Figure 13. A Final Method for Synthesis of 12_ 
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condensed 26 and benzaldehyde <i2,) by use o.f sodium ethoxide to produce 
a good yield of 4 7. 59a Sieglitz synthesized!±]_, 48, and l!!_ by the 
same method using the appropriate aldehyde. He got only a 15% yield of 
l!!_. Besides the condensation with aldehydes catalyzed by bases such as 
alkali hydroxides or alkoxides, aqueous or alcoholic ammonia, primary 
or secondary amines, ethylmagnesium bromide, alkyl and aryllithium 
59b - .. · 
compounds, and Dowell 1-XlO , 26 can be converted to the 9-bromo 
derivative and the bromine displaced by trimethylphosphine (12) to give 
51. Refluxing 51 in the presence of 49 gives!±]_ in 75% yield. 60 (see 
Cs© 
43 
a700°c·, be H• 6 5· 
( > ~ 
44 
a ~ ) 
45 
tb 
a 
< 
Figure 14. Pyrolysis Mechanism for the Formation of~ 
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Figure 15) Fluorenone (21) reacts with benzylmagnesium bromide to give 
61 !il.. after dehydration. Various other reactions in which !±l_ is produced 
are listed in Figure 16. 
) 
.ll P (:!:) Br -
CH3-1'cH3 
CH3 
aBenzaldehyde, benzene, 3 hrs. at reflux. 
a ) 
·Figure 15. Synthesis of 47 Via a Wittig-type Reaction 
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Li 
) 
H Br 
H 6. 
--N::::: l..@ ) !iJ.. + 
a 
Figure 16. Various Reactions that Give !±1. 
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63 Wawzonek et al. reported the pyrolysis of !±1. carried out at 360° 
C to yield 1§., toluene, and 46. Probably at higher temperatures 12_ 
would have been formed since 46 is an intermediate in the formation of 
57a 12_ from the pyrolysis of 40 at 700°C. 
The polar semicyclic double bond possessing a moment directed 
toward the five-membered ring of fulvenes allows them to undergo 
64 
reactions that normal double bonds usually do not. Treatment of!!]__ 
65a b 
with LiAlH4 yields a reduced product, 9-benzylfluorene (2i). ' 
Similarly 54 is produced if !±1. is treated with diborane, the expected 
66 hydroboration not occurring. Hot benzyl alcohol containing potassium 
hydroxide is capable of reducing !±1. to 54. It is possible to form !±J.. 
from 26, benzyl alcohol, and a trace of 49 in the presence of KOH if 
the reaction conditions remain mild, but at higher temperatures and 
67a b longer reaction periods 54 results (see Figure 17). ' 
a 
+ 
aBenzyl alcohol, KOH, 205°C. 
Figure 17. Reduction by Benzyl Alcohol 
40 
The electrochemical reduction of !:J]_ at a mercury cathode has been re-
ported.68 Raney nickel hydrogenation gives _2.i in 97.6% yield from !:J]_. 69 
Also 54 can be directly synthesized 
benzyl choride (2.§_) in the presence 
salt of 1..§. via sodium amide and then 
from 9-formylfluorene (.22.) and 
70a 
of KOH or by making the sodium 
adding 56. ?Ob 
The usefulness of !:J]_, 48, and 1§. as estrogens has been tested. 71 
Two of these, !:J]_ and 48, were found weakly estrogenic and 1§. inhibited 
the action of the folliculin injected at the same time. It has been 
reported that !:J]_ shows no carcinogenic activity. 72 
Because of its ultraviolet-absorbing capability !:J]_ has been 
patented as an additive to color film, 73a cellophane, polyethylene, 
poly(vinyl chloride), and other plastics, and as a skin protector 
. b 73b against sun urns. 
Both !:J]_ and 48 were synthesized and purified for the American 
Petroleum Institute (API) hydrocarbon research program and as possible 
starting materials for the synthesis of benzofluoranthenes. The 
cyclization of 28 to 25 was refined to give a better yield. 52 , 53 
CHAPTER V 
DISCUSSION AND RESULTS 
The synthesis of!±]_ and 48 was considered first. The appropriate 
aldehyde and 1.§. were condensed in the presence of potassium hydroxide 
65b · - · · · · · · 
to yield the desired product. The mechanism for this condensation 
is shown in Figure 18. The hydroxide ion removes one of the acidic 
dibenzylic protons from 26, producing the relatively stable 9-fluorenide 
60 
anion. This carbanion attacks the carbonyl group of the aldehyde to 
produce .21..· Reaction of .21.. with-a water molecule removes a proton and 
regenerates hydroxide ion. Both!±]_ and 48 were produced in approxi-
ma.tely 78 to 92% yields by this condensation in refluxing xylene and 
under a nitrogen atmosphere. After repeated recrystallizations from 
several different solvents,!±]_ and 48 still contained some impurity. 
This amounted to 9.1% (for 47) and 6.1% .(for 48) after the first 
recrystallization. The impurities in·the two products were not the 
same. Since recrystallization failed to remove the impurities, the 
products were treated with picric acid to form the picrates. After 
each picrate was recrystallized twice from ethanol the hydrocarbon was 
regenerated by eluting through basic alumina via a Soxhlet apparatus. 
This removed the impurity from each of the compounds. The mother 
liquor of the picrate of!±]_ contained the impurity in sufficient con-
centration that it could be isolated and identifi'ed by nmr and mass 
spectroscropy. (See experimental part for spectral data). The unknown 
41 
42 
accompanying !:!l. was identified as 54. The mother liquor of 48 picrate 
did not yield enough impurity for it to be identified. For further 
evidence on the identity of the unknowns formed,!±]_ and 48 were hydro-
genated over a 5% Pd/C catalyst. The glc retention ttmes of the 
hydrogenation product matched those of the impurities. 9-(E_-Methyl-
benzyl)fluorene (22.) had the same retention time as the impurity ob-
served in the sample of 48. Also identified in the mqther liquor of 
!:!l. picrate was a compound with a m/e value of 420 which is believed to 
be di.(9-fluorenyl)phenylmethane (60a) or 9-benzyl-9 ,9-bifluorenyl 
(60b). Fluorene has been observed to add to!±]_ in a special case of 
the Michael cqndensation. 64 
The formation of 54 and 59 might be explained by the following 
steps. A Cannizzaro reaction of the aldehyde forms the corresponding 
acid and alcohol. This alcohol in the presence of KOH has the ability 
64 to reduce the double bond of the fulvene. 
Once !:!l. and .48 were purified, methods,of cyclization to benzo-
fluoranthenes were investigated. In the first attempt,!±]_ was heated 
in refluxing cyclohexane in the presence of A-15. The red oil produced 
did not contain 25. Higher-boiling solvents suqh as toluene and 
chlorobenzene were tried. In toluene white crystals were formed, which 
were studied by mass spectroscopy. A m/e value of 346 was observed for 
the molecularion; this can be attributed to 9-benzyl-9-(4-methylphenyl) 
fluore~e <.§.!.), formed by the alkylation of toluene by !iJ.... A-15 has 
36 been used as a catalyst for alkylation (see Figure 19). Other acid 
catalysts were tried such as PPA and 98% suifuric acid. In each case 
a red-orange oil was p~oduced, but no 25 was detected by glc. Dehydro-
genation over a Pd/C catalyst at 225 to 300°C was attempted, but only 
43 
decomposition was observed. An AlC13/NaC1 melt was used in an attempt 
to cyclize !{!_. A d 'ff d b d b _L.5. 74 1 erent pit'o uct was o serve, ut no The 
final attempt to cyclize !{!_ and 48 was made photochemically. Sub-
stituted stilbenes of the type listed in Figure 20 have been cyclized 
by uv radiation in the presence of an oxidizing agent in good yield/5~b 
As shown in the Figure,!{!_ has a stilbene-derived structure and from 
analogy!{!_ should cyclize when properly irradiated. Several attempts 
at this were made using!{!_ in concentrations from 10-l up to 1 molar in 
cyclohexane with a trace of iodine added. This solution was irradiated 
with a mercury lamp from two-and-a-half to thirty-six hours. Unfor-
tunately no 12.. was formed, but a new peak close to that of!{!_ was 
observed by glc. trans-Stilbene was used to test the procedure that 
was being followed. It was found by glc analysis to cyclize to phen-
anthrene (!!.1) in 40-50% yield. Even though this short series of 
experiments did not product the desired results, it is believed!{!_ can 
be cyclized by light if the correct conditions are found. 
Since all other attempts were unsuccessful, an old procedure was 
. 52 53 
considered. ' The only yield reported for the cyclization of l.§. was 
given by Badger and Spotswood as 24%. 57a This procedure was refined as 
described below. Figure 21 gives the general cyclization reaction for 
the compounds considered in this study. Two different bases were used 
to effect the condensation of 1§. and 2:1. to 28. Both KOH and N-benzyl-
trimethylammonium hydroxide gave yellowish orange oils which could not 
be crystallized after passing through alumina and dissolving in hot 
ethanol. Crystals were recovered from a portion of the oil by dis-
tillation, but most of the oil was used in the cyclization without fur-
ther purification. A solution of 28 in quinoline was treated with 29% 
]]_ (R = H, X = Cl) 
49 (R = H, X = H) 
53 (R = CH3 , X = H) 
HoH + 
28 (R = H, X = Cl) 
!:±]_ (R = H, X = H) 
48 (R = CH3 , X = H) 
< 
) 
57 
l 
58 
Figure 18 •. Scheme of Condensation Mechanism Yielding Fulvenes 
oe~ 
· H-o-H 
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a ) + 
aA-15, reflux for 4 hrs. 
Figure 19. Alkylation of Toluene by!±]._ 
• 
of KOH by weight. The mixture was heated under a nitrogen atmosphere 
to reflux and the water produced was collected in a Dean-Stark trap. 
Once no more water was produced, the flask was allowed to cool. The 
black mixture was poured into concentrated hydrochloric acid and the 
mixture extracted with benzene, dried (Mgso4) and then passed three 
times through acidic alumina to remove the basic components. This pro-
duced a red solution. The benzene solvent was removed and red solid 
was recrystallized twice from ethanol and once from benzene to yield a 
white solid with a yellowish tint. A 50% yield, based on the weight of 
the oily 28 used, was obtained. To purify~ further to the EPA's 
specifications the solid will be zone refined. 
At this time no way has been devised for the cyclization of!±]._ 
to 1..2., but the yield of the dehydrohalogenation of 28 to 25 can be 
improved. 
, .. 
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Figure 20. Photocyclization of Stilbenes 
R~ 
1.§.. (R = H, X = Cl) 
!£J_ (R = H, X = H) 
48 (R = CH3, X = H) 
R 
R 
12_ (R = H) 
Figure 21. General Cyclization Reaction Scheme 
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CHAPTER VI 
EXPERIMENTAL 
65b The Condensation of 26 and 49 to 47 , A 500-g sample of 1§_ (4,3 
mol) was dissolved in 1 1.of xylene and 60 g of KOH was added, Then 
300 g of 49 was added as well as a few drops of piperidine. This mix-
ture was heated under nitrogen at reflux for three hours and developed 
a bright orange color, When the calculated amount of water was col-
lected in a Dean-Stark trap, the solution was cooled and poured into 
water. The organic layer was dried (Mgso4), and filtered, and half the 
volume of xylene was removed to allow !±1. to crystallize. After as much 
crystalline material as possible had been forced out by cooling and 
removing solvent, 702 g of bright yellow crystals was recovered. This 
gave !±1. in 92% yield, There was 111 g of an oil remaining from the 
mother liquor. Glc studies showed 9,1% of 54 was also present, After 
several recrystallizations light yellow crystals were recovered. Pure 
!±1. was obtained by forming the picrate, recrystallizing, and regenerat-
ing: mp 74-75° [lit, 65b 75°]; ir spectrum (KBr) 774, 744, 727, 718, 
696 cm-1 ; mass spectrum (70 eV) m/e (rel intensity) 254, M+ (100), 253 
(90), 252 (59), 126 (25), 113 (11); pmr spectrum (DCC1 3)~ 7,46 (7,1 to 
7.8) (m, 13, ArH), 7,1 (m, 1, =CH). 
Condensation of 26 and 53 to 48. A 500-g sample of 26 (4.3 mol) 
was dissolved in 11.of xylene. Next, 60 g of KOH was added along with 
336 g of~ and 2 ml of piperidine. The reaction procedure and work~up 
47 
48 
were similar to the above, except th.e reaction mixture had to be 
refluxed for four hours. After the removal of the solvent and recry-
stallization 233 g (78%) of 48 and 56.6 g of an orange oil were obtained. 
Glc studies showed 6.1% of 51. Purification of 48 was accomplished by 
formation of the picrate as described before: mp 99.5-101° [lit. 59 
. -1 97.5°]; ir spectrum (KBr) 859, 811, 772, 728 cm ; mass spectrum (70 
eV) m/e (rel intensity) 268, M+ (100), 267 (36), 265 (12), 263 (51), 
252 (53), 126 (15); pmr spectrum (DCC13)c( 7.7 (m, 2, .Q..-ArH), 7.3 (m, 
11, ArH), 2.38 (s, 3, CH3). 
Hydrogenation of 47 to 54. Five grams of !iL and 0.5 g of 5% Pd/C 
catalyst were placed in 95% ethanol. The mixture was exposed to 25 psi 
of hydrogen with shaking for 10 minutes (until no change in pressure was 
observed). After filtration to remove the catalyst, the ethanol was 
removed and 54 was recrystallized from ethanol to give 54 in 98% yield: 
mp 129-130° [lit. 67a 134°]; ir spectrum (KBr) 1449, 755, 746, 730, 724, 
-1 + 698 cm ; mass spectrum (70 eV) m/e (rel intensity) 256, M (59), 167 
(100), 166 (51), 165 (11), 164 (14), 91 (38); pmr (DCC13)c:r-- 7.72 (m, 2, 
o-4rH), 7.26 (m, 11, ArH), 4.22 (t, 1, CH), 3.12 (d, 2, CH2). 
Hydrogenation of 48 to 59. A 1.8-g sample of 48 and 0.18 g of 5% 
Pd/C catalyst were mixed in 95% ethanol and exposed to 25 psi of hydro-
gen for 2 hours. After a work-up as described above, 59 was obtained 
in 80% yield: mp 132-133°; ir 
mass spectrum (70 eV) m/e (rel 
-1 
spectrum (KBr) 817, 763, 736, 725 cm ; 
intensity) 270, M+ (26), 166 (19), 165 
(84), 139 (5), 106 (9), 105 (100), 77 (9); pmr spectrum (DCC13)J" 7.72 
(m, 2, .Q..-ArH), 7.2 (m, 10, ArH), 4.18 (t, 1, CH), 3.04 (d, 2, CH2), 2.32. 
(s, 3, CH3). 
Synthesis of 25. 52 A 166-g sample of 26 (1 mol) was dissolved in 
49 
1. 7 1. of xylene and 16. 6 g of KOH was added. Then 140 g of fresh ll.. 
was added with 1 drop of piperidine. On refluxing the solution became 
orange. The reaction was cooled when the calculated amount of water 
was collected. The mixture was poured intq water and the organic layer 
removed. This layer was washed with HCl, water, aqueous Na2co3 to 
remove the .Q_-chlorobenzoic acid, and water. After drying (Mgso4) and 
filtering, the xylene was removed by vacuum distillation to give 263 g 
(91%) of an orange oil consisting mainly of 28. This oil was used in 
the cyclization reaction without purification. This reaction was 
repeated several times with different amounts of starting materials. 
One run was made using N-phenyltrimethylammonium hydroxide as the basic· 
catalyst. A 30% portion by weight of this base was added to a solution 
prepared as described above to give about the same yield of orange oil. 
To cyclize 28 to~' 352 g of .28 (1.2 mol) was placed in 1.1 1· of 
tech. grade quinoline and 141 g of KOH were added. The mixture was 
refluxed under a nitrogen atmosphere for 2 hours. The solution became 
black, but upon continued refluxing a purple color appeared which 
changed to green and finally black, again. The water given off ·was 
collected by a Dean-Stark trap. When no more water was observed to 
be formed, the reaction mixture was cooled and poured into 4 1. of con-
centrated HCl. The solution was extracted with benzene (3 x 3 1.). The 
combined benzene layers were washed twice with water. The black solu-
tion was passed through basic alumina three times to obtain a red 
solution, which upon removal of the benzene yielded 237 g (78%) of an 
orange solid. After two recrystallizations from ethanol and one from 
benzene~ was obtained as a white solid with a faint yellow tint in 
50% yield: mp 167-168° [lit. 57a 167°]; ir spectrum (KBr) 890, 772, 737, 
50 
-1 + 731 cm ; mass spectrum (70 eV) m/e (rel intensity) 252, M (100), 251 
(06), 250 (17), 248 (05), 126 (15), 125 (09); pmr spectrum (DCC13) d 
8.7 to 7.2 (m, 12, ArH). 
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